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There is an ever increasing number of publications which do not
have the “traditional” layout where printed regions are rectangu-
lar. Text paragraphs and areas of graphic type may be of any shape,

There exists a variety of page segmentation methods, ec
of them based on different hypotheses about the image of
document page. They exploit different properties of a scannt
document, some of which are restricted to only certain type

individually rotated and in any arrangement. Previous document
analysis techniques are not well suited to such complex layouts. This
paper introduces a new method for the segmentation of images of
document pages having both traditional and complex layouts. The
underlining idea is to efficiently produce a flexible description (by
means of tiles) of the background space which surrounds the printed
regions in the page image under all the above conditions. Using this
description of space, the contours of printed regions are identified
with significant accuracy. The new approach is fast as there is no
need for skew detection and correction, and only few simple oper-
ations are performed on the description of the background (not on
the pixel-based data). © 1998 Academic Press

of documents. The segmentation performance can be measu
in terms of the accuracy of the description and the processil
speed. One further significant aspect, which is often overlooke
is the amount of knowledge acquired about the areas of intere
during page segmentation. This knowledge can be exploited
the subsequent page classification stage and possibly during
later stages of document understanding. The more useful mg
surements of attributes of areas that are available as by-produ
of page segmentation, the faster and more efficient the sub:
qguent processes will be.

The accuracy of the description of the areas of interest is
fundamental importance. It reflects the ability of a method t
identify these areas and is critical to the processes that follo
Current document preparation systems are capable of prodi
ing complex layouts with paragraphs of different shapes inte

To perform any useful task toward the understanding of tispersed among graphical elements also of varying shapes. S
content of a document page, the focus of attention must first fstems are becoming widespread, resulting in an ever incre
directed toward identifying the areas in the document image thiagg number of publications with complex layouts. A wrongly
constitute the information. recognized and described region as a result of page segmel

Page segmentatiois the process of identifying the areas ofion will inevitably lead to poor results in subsequent stages
interest in the image of a document page. For a conventiommicument analysis or understanding.
document page with material printed in dark ink on a light- Practicality is another important issue. The implementatio
colored paper, the areas of interest in the (binary) image will bé a page segmentation method to solve a real world proble
neighborhoods of black pixels. Page segmentation producesast be realistic. A successful method must cope with as ma
description of the geometrical aspects of the areas of interegtriations (e.g., shapes of regions, skew) in the scanned do
The most common aspects are spatial extent and position onient as possible. In doing this, it must also not compromise
page. Page segmentation can be thought of as a mapping fronptteeessing speed.
pixel-based image data to a description of the areas of interestln this paper, a new approach to page segmentation is ¢

It should be noted that the problem of page segmentationsiribed. One of the advantages of this new approach is its abil
relevant only to images of document pages whose main inféo-process and analyze documents whose printed regions may
mation components are textual. Although illustrations of variole rectangular. The methods involved are designed to be pr:
shapes and sizes may be interspersed between the text areagjéakin order to be applied to real-world problems. With this ir
in many aspects a different problem from that of the segmentaind, apart from being able to handle complicated layouts, the
tion of images of drawings. In drawings, text strings are preseare also efficient and fast. Extra consideration has been given
as labels, dispersed in many directions, and may be far ap#rat no time-consuming operations are required. Even the pre
Most of the algorithms for page segmentation are only applicance of considerable skew does not introduce any complicatic
ble when the majority of different types of printed material ari terms of accuracy and processing time. Furthermore, the pa
segregated. segmentation described in this paper can be tightly coupled wi

1. INTRODUCTION
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a new page classification method [1] under a unified approaafplicitly that the printed regions in a document page are rect
so that the whole document analysis approach benefits from grgyular (i.e., they only proceddanhattanlayouts). This fact
added efficiency resulting from this cooperation. restricts the application of these methods to a very useful subs
A brief description of some of the most dominant previousf document images which seems to be of decreasing size.
approaches follows in Section 2. The rationale behind the newAn approach which is unique in the analysis of Manhattar
approach is presented next, in Section 3. The page segmentdtigouts is that of Baird [6]. It is based on the identification of
method itself is described in Section 4 where each stage datkground space which can be described by horizontal and ve
aspect is analyzed in a separate subsection. In Section 5, stiga rectangles. After the connected components in the imag
representative results are presented together with an appraisalbafe been extracted, all maximal rectangles fitted to the bacl
the performance of the methods involved. Finally, conclusioggound are enumerated. A suitable subset is then selected usi
and further discussion are contained in Section 6. a heuristic shape score and a stopping rule for the search. T
rectangles belonging to the selected set covering the backgrou
are unified and used as a mask to extract the foreground are
from the image data. This approach shares a similarity with th

Several methods and their variants have been employeoane presented in this paper in that it is based on the philosopt

page segmentation approaches. The most dominant are briggﬁentifying and analyzing the background region separator

mentioned below and their performance is discussed. It sholligl: A more flexible approach that copes with skewed page im

be noted that it is considered outside the scope of this pape?ﬁﬁs but still requires the printed regions to be rectangular is th

survey all page segmentation methods. of Pavlidis and Zr_\ou [7] who coin_ed the_term “white streams”
A well-known approach igonnected components aggregafEO der:ote t?el horlz?(rj]tal and \:e_rt|cal wkutehspzlageb sepz_ar?tgrs
tion. Connected components (connected pixels of the same ¢ Ib‘? relevant class ot document images. it should be pointed ot

and intensity) are extracted from the image and an attempt, Qever, that this approach differ; from the one presented he
deduce the type of each one (character, part of graphics, etc!] at '.t 1S not b.ased on the anqu5|s of the back_ground st'r uctur
made. Then, components of the same type are iteratively grou d en_’uﬂes_r_eglons b_y performing an aggregatlon_ of horizonta
together to form progressively higher-level descriptions of tl‘?é”ps identified as printed matter between two white space gap

printed regions of the document (words, text lines, paragraphs,

etc.). Anumber of approaches have used connected components 3. THE WHITE TILES APPROACH

to various degrees. Of these approaches, most recently that of

O’Gorman [2] is the most flexible in that it can correctly pro- There is an ever increasing number of publications whict
cess skewed images and regions of nonrectangular shapesloAot have the “traditional” layout where printed regions are
disadvantage is that the identification, analysis, and groupingrettangular. Text paragraphs and areas of graphic type may be
connected components can be, in general, a slow process,a@yshape and in any arrangement. An example of a page who
pecially when there are a lot of components in the image (e.ayout includes printed regions of different shapes can be sec
a newspaper page). Furthermore, the general approach canisufig. 1. In this figure, the irregularly shaped graphic area a
fer from the problems of bottom-up strategies, such as incorréloé lower part of the page has text regions of varying shape
segmentation due to wrong early groupings. “wrapped” around it.

On the other end of the spectrum, page segmentation methAlso in Fig. 1, it can be observed that printed regions are
ods start with larger regions of the image in a top-down mannsurrounded by streams of white space. This is a typesetting co
Some examples include the application of transforms on the irrention [8] used in practically all documents. The white space
age (e.g., Jain and Bhattacharjee [3]), morphological operatigiays the dual role of both a delimiter of each printed region ant
(e.g., Haralicket al. [4]), and the analysis gdrojection-profiles of a separator between adjacent (but separate) regions. Lookec
(histograms of black pixel occurrences along parallel lines infem a distance, this delimiting space can be visualized as an i
given direction) [5]. The application of image transforms is quiteegular white net, with the printed regions thought of as the hole:
time-consuming and in some cases regions of different types buhe objective of the segmentation method described here is
with similar texture are confused or merged. The computatiorraconstruct (by means of white tiles) timeegular net of back-
cost of the morphological operations is also relatively high withround space in order to identify th@ecisecontours of the
the further potential problem of having to choose an approprigiginted regions. This is a very flexible approach since, by iden
structuring element to globally process the image. The analysfging the space around it, a printed region can be segmente
of projection-profiles involves the iterative subdivision of thevhatever its shape. Furthermore, regions can be identified evi
page image along horizontal and vertical “gaps” between fore-the presence of severe skew since they will still be surrounde
ground elements (e.g., space between text columns and pasaspace. This fact makes unnecessary the time-consuming ¢
graphs). As the dividing lines have to be identified in the imageation of skew correction, which is required in almost all othel
data at each iteration, it can be a slow process. Furthermgrage segmentation methods. In addition to its flexibility, the
the vast majority of the above approaches assume explicitlywohite tiles approach produces very accurate descriptions of tt

2. PREVIOUS APPROACHES
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printed regions required correspond to paragraphs or columi
rather than text lines. The tiles describe the background cor
pletely, in a flexible way which ensures that the shape of th
delimiting streams of white space is faithfully preserved. Hav
ing a representation of the background in terms of white tile:
the contours of the printed regions can be constructed by sele
ing, for each region, the appropriate edges of the white tiles th
border with that region.

In the following sections, the three stepgré-processing,
identification of white tilesandsegmentationinvolved in the
white tiles page segmentation approach are described in det
Throughout this paper it will be assumed that the desired res|
of page segmentation is to identify text paragraphs or columi
(rather than text lines or characters) and graphic areas. In tl
case, it should be noted that for the method to be applied st
cessfully, a single page image should contain at least a sm
number of text lines (for effective pre-processing as well as fc
obvious reasons according to the definition of page segmen
tion as given in Section 1). For the purposes of the descriptic
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4.1. Pre-processing

3 wav ivssrqurures sworrCR

For humans, it is quite straightforward to identify the stream
of white space that form the irregular net. However, it require
FIG. 1. The image of a page containing nonrectangular printed regiongore thought to do the same by computer. The reason is thati
Reprinted fromComputer ShoppeMay 1993, lan Wagh, "Rom with a View,” q4cyment page there is an abundance of white space apart fr
p. 386, copyright 1993, with permission. . L .

that belonging to the delimiting streams. There is also spa
between text lines of the same paragraph, between words &
printed regions. This is very important for subsequent stagggaractersinthe sametextline, and inside characters themsel
such as page classification, the reconstruction of the docum&he goal of this pre-processing step is to simplify the effort o
structure, the logical analysis of the layout and OCR, to narfié¢ subsequent steps in identifying the appropriate streams
but a few. white space. This is done by blocking out or isolating white

Another significant advantage of obtaining a description &pace areas that do not form part of the delimiting streams.
the background at the segmentation stage is the fact that thigext lines in a document are printed horizontally (as mer
information can be usefully exploited in subsequent stages. Figned in the previous section, at least for the documents referr
instance, the data produced as by-products of the segmentatfohere). Consequently, they can be joined/bytical smearing
(e.g., description of space inside printed regions) can be ud8H As a result, this will isolate the horizontal streams of space
in the derivation of features for page classification, thus, maketween text lines from the region-delimiting streams. At th
ing it unnecessary to perform time-consuming computationssgme time, the white space inside characters will be filled. Hov
that stage. Furthermore, the structure of the background spgeer, care must be taken in choosing an appropriate smear
can provide useful information about the geometric and logicaklue so that different printed regions are not merged vertical
relationships between printed regions. when they should not be.

In some approaches, static smearing processes are perforr
in which the value is pre-specified (e.g., Wehhl.[9], Pavlidis
and Zhou [7]). This may produce erroneous results as diffe

To segment the printed regions, the background space smt documents are encountered. In other approaches, time-c
rounding them is identified and described by white tiles. A prauming computations such as the Hough transform are p
processing step is usually necessary before that, if the textf@imed [10] to derive the smearing value. In the approac

4. THE METHOD
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described here, the smearing value is obtained directly from
the image data by performing few simple computations.

The starting requirement is that the smearing value should be
adequate to cover the space between text lines but it should not
exceed that. Therefore, the space between text lines should be
identified and examined. In a page image, text lines belonging
to the same paragraph are vertically spaced apart by practically
the saménter-linedistance (oteading. It can also be observed
that different printed regions on the page are vertically spaced
apart by a distance larger than the inter-line one.

An efficient technique for the determination of the space be-
tween text lines is to obtain the vertical projection-profile of a
vertical strip in the image. The height of the strip should equal
the number of scan-lines of the image (i.e., full height) in order
to maximize the potential of passing through text regions. The
width of the strip should not exceed the width of one large or
two medium-sized characters. In other words, the strip should be
as narrow as possible to minimize computation time, but wide
enough to ensure that it will contain useful information for a
sufficient range of character widths that may be encountered. FIG.3. Baselines and their distance.

When scanned at 300 dots per inch (dpi), the width of the
12-pt character will be represented by up to 50 pixels while thﬁllte
of the 24-pt one will be represented by up to 100 pixels. TQS%C
latter value is used as the width of the vertical strip (at 300 d
as it will contain enough information for the usual font sizes?g)(
a document. Although the strip could be chosen to be wider t

. . . ) In the histogram of distances between lower peaks of conse
cope with larger characters, it was observed during expermenty, e honzero count regions, the baseline difference shows as
that it is not necessary to do so if only a few characters in tla '

fearly distinguishable peak. The result from the consideratio
document are actually larger than 24 pt. Furthermore, an i y g P

. o . .0f one strip may be combined with those of additional ones ir
portant consideration is that in the presence of skew the verti

bet text I tsh " tat er to enhance confidence. This method is also effective fc
space between lext ines may not show correctly (or not a g ages containing relatively little text as can be seen in the e»
in the profile if the strip is wider.

| file thei line di beidentified as th ample of Fig. 5 which shows the result from the image of Fig. 4
naprofile, the inter-line distance can beidentified asthe spacq, presence of skew, however, the parts of the text lines i

petween nonzero cqunt rows, 1.e., the height of zero-valued r vertical strip do not retain their distinctive appearance in thi
intervals. The inter-line distance, however, cannot be accurat Yfile. A part of a profile of a vertical strip in an image with10

determined directly from the profile of a vertical strip due tQ, ..\ .21 be seen in Fig. 6a. Nevertheless, it can be observ
the variability in the presence or absence of charactgrs with at there is a distinct peak in the profile for’each part of a tex
cgnders and descenders. Neyertheless, characters in a eXGi%%n the strip. This peak is the result of the projections alonc
siton the sameaseline(e.g.,a in Fig. 2). Therefore, the base-t e horizontal lines indicated in Fig. 6b. It is evident that the

lines of vertically adjacent text lines in the same paragraph w, stance between two such peaks in the profile is equivalent

b_e equally spaced apar_t. The problem, thu;, Of identifying tlﬂ?e baseline distance. Therefore, by measuring the distance t
distance between text lines, for the determination of the verjj

X ) ) o veen consecutive maximum peaks, an equivalent value to tt
cal smearing value, can be substituted by that of identifying t% seline distance is obtained. To cope with the case of nonsey

baseline distance. The baseline is easily identifiable in averti? ed text line regions in the profile, an attempt is made to brea
proflle'as the Ia'rge pea!< at the bottom of a nonzero count' regig profile at the appropriate (low and sharply deepening) val
(see Fig. 3). This peak is typical of the character(s) contalnedlggls before identifying the peaks and measuring the distances.

the skew is so excessive that no distinguished peak exists in tl

. histogram (typically over 19, profiles can be taken in rotated
__Q_p.p.()_t[lmjl};a directions until a peak appears. However, in practice this kind o
. skew is quite rare. According to experiments carried out, value
WE’ of more than 5 are not common.
The method for the automatic determination of the baselins
FIG. 2. lllustration of various possibilities for measuring distances betwedfistance proceeds as follows. First, for each vertical strip to b

text lines. examined, the valleys are identified in the horizontal-projectior

Il

LA ERE RN

AR

part of a text line inside a strip. The distance between twi
h peaks can be measured reliably, as it is not affected by t
esence of ascenders and descenders. The baseline distance
c)part of a profile are shown in Fig. 3.
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o //\\ ,,//” FIG. 6. (a)Profile in a skewed image (10 (b) Example projection direction.
N |
o is avoided by comparing consecutive peaks starting from tt
= o rightmost one. If the right/left peak ratio is less than a fixe
LT B | threshold (0.5 here) then the left peak is chosen as the basel
'-...';A..,,._m.m‘i,m..;.....d_w.»..:rmm:: peak.
The occurrences of different distance values between cons
_ utive baseline peaks are counted. As mentioned above, the m

dominant peak in the histogram of these counts (see the exam
FIG. 4. Animage with relatively little text. Reprinted frofattern Recogni- of Fig. 5) is taken as the main baseline distance. As the overhe
tion, Vol. 27, No. 9, S.-C. Pei and L.-G. Liou, “Automatic Symmetry DetermiOf identifying the baseline distance needs to occur only once f
nation and Normalization for Rotationally Symmetric 2D Shapes and 3D Sol@ach batch of similar pages, the method at present uses all st
Objects,” p. 1203, copyright 1994, with permission from Elsevier Science. ofthe image. However, an appropriate sampling scheme togett
with a suitable confidence measure can be found to optimize t
histogram. Each valley is represented as a triplet (left local maidentification of the baseline distance for speed, using only
mum, local minimum, right local maximum). Second, to recoveamall number of strips. It is considered beyond the scope of t
from the possible effects of severe skew, the local minima of tpaper to further analyze this issue.
valleys of each strip are examinddeta-valleysare identifiedin ~ Having determined the baseline distance, the vertical sme:
the series of these minima. Eacteta-valleyis a similar triplet ing value can now be calculated. As mentioned before, the obje
to a valley but the three values correspond to local minima itive is to identify the minimum value that will result in isolating
stead of histogram counts. If a meta-valley is deep enough (the space between text lines in a paragraph from the strea
ratio of its minimum over each of its two maxima is greater thaof space surrounding that paragraph. Considering the two te
a fixed threshold, 0.6 here) the profile is broken at that pladmes in Fig. 2, one possibility would be to consider the distanc
i.e., the count is set to zero. At the end of this stage, the valetween the descenders of the top text line and the top of t
leys corresponding to interline gaps on the page are assurbedy of the characterd, in the bottom one (or, equivalently,
to have local minima equal to zero. Therefore, a baseline pahk distance between the baseline of the top text inand the
in the histogram can be identified as the right local maximuascenders of the bottom text line). This will result in joining twc
of the rightmost valley between two interline gaps (see Fig. 3)ertically adjacent text lines only at places where descende
The possibility of mistakenly selecting the peak correspon(br ascenders) exist, thus leaving intact most of the white spa
ing to character descenders (see peak at the bottom of Figh8jween the text lines. Under this arrangement, white gaps w
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FIG. 5. Histogram of baseline differences in the image of Fig. 4.
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still exist between the corresponding ends (at least) of vertically TABLE 1
adjacent text lines. Hence, since the white space between c@werage Run-Times for Fully Segmenting a Typical A4 Size Page
secutive text lines should not form part of the surrounding space, Image with Different Degrees of Subsampling

there is a need to join the text lines more tightly. This can be
achieved by selecting, as smearing value, the distance between
the baseline of the top text line and the body of the characters 300 dpi (full) 150 dpi 100 dpi

in the bottom text line (i.e., the distance betweeandb in 2431x 3455 pixels 1215 1727 pixels 810« 1151 pixels
F_|g. 2). This d|stapce is co_mpute_d as two thirds of the b_asellg U time (s) 65 12 0.55
distance. In experiments with various documents, smearing wit
this value has produced the desired smearing effect while joining

of different printed regions is avoided.

The result of smearing the image in Fig. 1 with this smear- To reduce the computational load and consequently the rur
ing value can be seen in Fig. 7. In addition to the fact that tfi&ne, the images submitted to the segmentation process can
method described here has been designed with the maximigabsampled. Subsampling a full-resolution image is timewis
tion of efficiency in mind, it is only necessary to determine thiavorable to scanning a page first at a low resolution for the
smearing value for the first document of a batch typeset with tRegmentation process and then scanning it again at a higher r
same spacing between the majority of vertically adjacent texdtition for OCR and subsequent processes. The most straigt
lines. It should also be noted that, for text regions, by using tHigrward and fast way is to discard a number of pixels in eact
smearing value the white space between characters in text lifgection (horizontal and vertical). For instance, in a 300 dpi im-
is preserved. This enhances the texture of the regions contaige discarding two pixels after reading one and two scan-line
ing text, and it is very important for the efficiency of the pagéfter reading one corresponds to a reduction of resolution t
classification stage. Indeed, using this smearing value gives € dpi. The relation of average run-times for segmenting typi
to the best results in that stage too [1]. cal A4 page images to different subsampling values is shown i

Table 1. In the tests, subsampling to 100 dpi has given equall

good results as in the full-resolution image in the sense that tf

[ I same regions were correctly segmented. Therefore, this scher
m**-"~-~*“~~ Rﬁ:""“‘"“'"""” was followed in preparing the input image for pre-processing

Effective resolution

One exception is that some straight lines, slightly skewed, ma
appear fragmented in places that have become thinner (dueto't
sampling of the scanner) in the full-resolution image. Althougt
itis possible to further reduce the image by more subsampling,
does not always produce reliable results for complex layouts. A
many black pixels will disappear, the identified printed regions
in some cases appear fragmented. An alternative subsampli
method would be to reduce the resolution by representing

group of pixels in the original image by a black one in the sub-
sampled image if one or more pixels in the group are black, an
with a white one otherwise. However, this could lead to loss o
white pixels which are needed for the accurate determination
white tiles, used for segmentation as well as for the later stag
of page classification.
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2. ldentification of White Tiles

“ l h After pre-processing, the white space in the smeared imag
.,‘i‘ ;l‘hfl: ; of the document is examined and described by white tiles. /
ki i {! white tile is represented by a rectangle whose horizontal an
,rlv'rf"m 1'\"‘?"‘ vertical dimensions are adjusted to fit the longest possible whit
TR AT 8.

H‘i-llw"wllil‘qil

space in the horizontal direction. There is no restriction in the

Ny height of the rectangle. If the shape of the stream of white
' WW space to be described varies sharply in the vertical directior
gL a white tile may be effectively reduced to a horizontal line
(i.e., the two horizontal sides will coincide). To obtain the de-
scription of the streams of background space in terms of whit
FIG.7. The smeared image of Fig. 1. tiles, the white runs of each scan-line of the image are identifie
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and the white tiles are constructed sequentially from top to bot- white tile A
tom. The algorithm proceeds as follows. r - A
. . . . .. { | white run 1 1
obtain the white runs of the first scan-line containing back- image v !
ground space scanlines { | white run 2 I
start a white tile for each of the runs { white run 3

for each following scan-line containing white runs
for each white run in the scan-line
if there is an overlapping white run in the above
scan-line
if the corresponding ends of the two runs lie ver
close éee beloyw
append current run to the tile to which the
above run belongs

FIG. 8. Construction of white tile description from white runs.

lerance). Otherwise, a new white tile will be started with tha
uninorderto follow more accurately the streams of white spac

In the example of Fig. 8, white tilé\ was started by white
run 1. When run 2 was considered, it was found that the en
difference it contributed was acceptable and, therefore, was &
else pended to white tileA. Note that the dimensions of the white
start a new white tile with the current run  tile have been adjusted and its width is now larger. Howeve
when run 3 is considered, the difference between its ends a
o those of the above run would cause the accumulated sum of €

start a new white tile with the current run. differences Q¢ to exceed the width tolerance threshold)

When a new white tile is created it has, initially, the horizontdllence, white run 3 is not appended to white #eand a new
width of the starting white run. As new runs are appended afit§ Will be started with it as the first run.
it becomes larger in the vertical direction, it is also allowed to The value of the width toleranck depends directly on the
grow slightly in the horizontal direction if new runs are a little biflegree of faithfulness required for the description of the bacl
wider than the initial one. This small width tolerance is alloweground. For the experiments described here itwas setto be 6
in order to give some flexibility to the fitting process. While £IS in a 300 dpi image. This particular value is set to achieve
close fit of the description to the actual space in the image\8'y high accuracy of description. It corresponds to an ove
desired, the computation time will be longer in the subsequedt Width change of 0.5 mm (0.02 in.) on the actual documer
steps if a very large number of distinct white tiles are createdP@de. Although a very high accuracy is still achieved, the resu

The width tolerance is fixed for any size of white tiles. [ing number of white tiles is significantly less than that resultin
reflects the total amount of difference between correspondifigfhout the tolerance. Furthermore, in practice, the number
ends of consecutive runs, allowed over the whole height o ite tiles produced with this value of width tolerance was nc
given white tile. In the above algorithm, when a white run i€und to introduce any noticeable delay in computations du
compared with an overlapping one in the above scan-line, #§ Subsequent steps. Table 2 shows how the average run-tir
difference between their corresponding ends is calculated. 9 @ typical A4 page image (subsampled to 100 dpi) relate
instance, if; andx/ are the horizontal coordinates of the enddifferent values of the width tolerance (the values are quote
of a run andx,_; andx/_, the corresponding coordinates of thdor full-resolution 300 dpi images). Furthermore, the relative

else

ends of the above run, decrease in the length (number of straight line segments)
identified contours for different width tolerance values is show
Ai =% —xi—1l and A =[x —X_4] in Table 3.

Another pointto be made is that a large number of very narro

thenA; + A/ will be the difference between their correspondwhite areas in the vertical direction usually result from smearin

ing ends (=1, ..., k for a white tile containingk runs). The (previous step) regions of text (see Fig. 7). Since the delimitin
accumulated difference streams of white space are observed to have at least some m

mum horizontal width, white tiles whose width is less than tha

k
Aacc = Z(Ai + A:)
i=2

TABLE 2
. o . . Average Run-Times for Fully Segmenting a Typical A4 Size Page
is stored for each white tile. When a new rini 1) is considered Image Using Different Values of Width Tolerance
to be appended to the white tile, the difference itwould contribute
to the accumulated difference of the tile is examined and if Width tolerance value (number of pixels at 300 dpi)
Ak+1 + A|/<+1 =< T - Aacc 0 3 6 9
CPU time (s) 0.67 0.58 0.56 0.55

the runis appended to the white tilE is the pre-specified width




Average Decrease in Size of Contour Representation (Number
of Line Segments) for Different Values of Width Tolerance

PAGE SEGMENTATION USING THE DESCRIPTION OF THE BACKGROUND

TABLE 3

Width tolerance value (number of pixels at 300 dpi)

0

3

6

9

Decrease in 0%

contour size

24.9%

36.5%
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surrounds each printed region are examined and the border o
stream with the corresponding region forms the contour of the
region. Therefore, the contour of a printed region is represente
by a list of the white tile edges that border with that particular
region. The edges in the list are appended in sequence and e
one is connected to the previous and the next ones. The edge |
is cyclic (the last edge connects to the first) and each element

43.3% any list is unique. The objective is to trace the appropriate edge

Note.The contours of noise regions are excluded from the calculation.

of the white tiles that constitute the delimiting streams of white
space in the image.
As mentioned in the previous section, the white tiles descrip

will not contribute to the description of these streams. Hendign of the background can be traced as a graph. The vertices
they should not be considered during the construction of tkids graph are the white tiles and the edges of the graph represe
background description. The minimum stream width is largéne vertical adjacency relationshipsboveor below) between
than the distance between characters in a word (in text regionghite tiles. An example of a part of a graph along with a visu-
Itis also usually larger than the average distance between woatigation of the corresponding white tiles is shown in Fig. 10.
in text lines. Therefore, a value proportional to the size of thio identify the white tiles that encircle regions, the graph car
majority of the characters in the documents should be choser.traced to identifgycles one for each region. The cycles re-
In the approach described here, the minimum stream widthgsired are theninimumones. In this context, a minimum cycle
taken to be one third of the baseline distance. White tiles whdsedefined as one that surrounds a single region. In the examr
width is less than this value are not considered to form part of Fig. 10 the required cycles afd&=FGA surrounding the small
the delimiting stream description and are ignored during seggion, andABCDAGFEAwhich corresponds to the stream en-

mentation.
A number of white tiles which do not correspond to any ac-
tual space in the image are also created. The purpose of these

circling the larger region.

“virtual” white tiles is to enable the encircling of printed regions

that border the edges of the page image. In this way consistenc

is maintained and the description of all regions using their sur-
rounding white tiles is enabled. Two such tiles are always cre-
ated; one for the top and one for the bottom of the page image
Then, all white tiles bordering the left or right edges of the image
are examined to identify gaps in the continuity of the description
of the space on the edges. “Virtual” tiles are created and place(
(in the vertical direction) between actual ones so that there is
always a delimiting stream bordering the edges of the image.

With regard to the implementation, all white tiles are stored
in an array in which each element is a structure describing eacl
white tile and listing the white tiles bordering it from above and
below. This enhances the efficiency of the method as the arra
can be traversed both sequentially (to examine all the tiles) anc
by following the above and below links of each tile to trace
the delimiting streams (see next section). The latter requires
no search as the appropriate white tiles are accessed direct|
through the array index.

The white tiles identified in the image in Fig. 1 are drawn
as rectangles in Fig. 9. Overall, the white tile determination
process is fast, using only one sequential pass over the imag
data (pixels). The example of Fig. 9 is indicative of the detailed
description of the background space using white tiles.

4.3. Segmentation
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At the segmentation step, the contours of the printed regions |

are constructed from the description of the delimiting streams.
In this description, the white tiles that belong to a stream that

FIG. 9. The white tiles description.
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FIG. 10. Graph representation of white tile arrangement.

Particular attention is needed in situations such as that sefgment of the contour. The segments of the bottom edge of &

Fig. 10 where a part of a graph could be wrongly thought ttarting white tile that are not covered by the white tiles beloy
consist of two cycles, one inside the other. In fact, if the stait-are the candidate starting elements for an edge list. The
dard graph theory definition of a cycle is followed, the cycleare calledpotential starts They are not definite starts because
identified would beAEFGAand ABCDA (which encloses both they may prove to be parts of a contour that has started el:
regions). This is because, in the second cycle, the starting vernehere.
Ais encountered again and it is considered as its end. To ensur€he first potential start is chosen as the starting point of t
that the appropriate cycles are followed, the tracing method dist contour. The next white tile to contribute part of its edge
vised here follows simple rules to select the appropriate whitgll be the one below and to the left of the potential start. Th
tile each time so that only the stream that borders each regiotré&cing continues then as follows.

tra/iedr.oblem with tracing cycles is that it can be very time- it direction was DOWN
P g cy Y if previous white tile was the rightmost above

consuming. Various algorithms to trace minimum cycles first ) N
. . ) . if there are white tiles below
need to identify all possible cycles in the graph and then select . :
: direction will be DOWN

the shortest ones from each vertex. In contrast, the tracing algo- : .

. : . . next will be the rightmost below case )
rithm described here sequentially traces all the required cycles append edge(s) to the contour

one after the other without the need for exhaustive searches. PP g

This advantage is based on exploiting the fact that the white de- else
limiting streams on the document page are connetfatbther direction will be UP
advantage is that each part of a cycle is traced only once (ho next will be the leftmost above cése 2
backtracking), enhancing thus the speed of the algorithm. append edges to the contour
The algorithm starts by identifying the Starting white tile of the if there are more than one white tiles below
first cycle and, while tracing this cycle, the start(s) of the adjacent identify new potential starts
cycle(s) will be identified. Therefore, after the first cycle, all the else{previous was not the rightmost abgve
rest will be traced sequentially. At each node (white tile), the {reached a local minimuin
appropriate edges or parts thereof are appended to the edge list direction will be UP
that represents the contour of the corresponding region. next will be the one above and to the rightage 3
A white tile with more than one tiles below it has been chosen append edge to the contour
as the starting point for tracing a cycle. It is easy to identify the identify new potential starts below

first such white tile starting from the top of the image: it is the , L
first or the second one (the first if a region borders with the top ~fter réaching the local minimum (at a low part of the cycle;

edge of the image, the second otherwise). Hence, the first steBfidust circumventing a white tile protruding downward at
the algorithm is to reach this white tile and identify the starting!9h part of the cycle (case 2), the tracing changes direction a
continues upward as follows.

if direction was UP
. 1 This statement.(rjefer.s to majoi re_gionsh (information componenti) Qf ti;e if previous white tile was the leftmost below
_ocumentpage.Tm ent_|fyreg|on5|n5| e other regions (e.g.,paragrap sinsidea if there are white tiles above
sidebar), the segmentation part only of the method must be applied once more . . .
on the composite region only (e.g., area enclosed by a frame) as identified in the dlrecthn will be UP
first pass. next will be the leftmost above cése 4
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append edge(s) to the contour If it is not the start of the cycle currently being traced, it is not
else considered further as it will definitely not be the start of anothe
direction will be DOWN cycle. However, as this potential start may have been identifie
next will be the rightmost below case § earlier, it may already be in the queue to be tried. Therefore
append edges to the contour the queue of potential starts is searched and, if this particulz

segment is found, itis removed to prevent tracing the same cyc
again. Other potential starts possibly present at the same whi
tile are examined in the usual way and are added or not to tf
gueue.

An example of the way the algorithm proceeds is as fol-
lows. Consider the white tile arrangement around the region
in Fig. 11. First of all, the potential star&h andef of white tile
else 1 are identified. The cycle tracing starts aatis the first seg-
ment of the contour. The next white tile to be visited is number Z

else{previous was not the leftmost belpw
{reached a local maximum
direction will be DOWN
next will be the one below and to the leftcase §
if it is not the end of the cycle
append edge to the contour

close cycle ; . .
if there are more than one tiles below and it is not the edich contributesipto the contour (case 1). White tile 2 has two
of the cycle others below it and its potential start is appended to the queu
identify potential starts The tracing moves to white tile 7 and the local minimypm

(case 3). White tile 7 has only one tile below it, but below that,
While tracing downward or upward, every time a white tilgile 9 has two so its potential start is identified and subsequentl
with more than one tiles below it is found, an attempt is madgided to the queue. The next tile to trace through is number
to identify new potential starts. In all cases, apart from the locghich adds the edgesm mk andkh to the contour (case 5).
minimum situation (case 3), the potential starts ofdheeenttile  Tile 7 is encountered again next where another local minimurr
are examined. Additionally, in the case of the local minimum, fig, is found (case 3). Checking for potential starts below, that o
that white tile has only one tile below it then all tiles below thajle 9 is identified again but, because it is in the “used” bin, it is
which have only one tile below them are examined (in sequenggnored. The tracing continues upward to white tile 4 where its
until one that has two or more below is found. The potentiggegfis added to the contour (case 4) and its potential start i
start(s) of that white tile are then examined. @étitriedpotential  appended to the queue.
starts are kept ina queue while all the identified potential starts\When the local maximum Segmaﬂis encountered at white
untried and tried (successful or not), are put in an array (tfis 1 (case 6), it is checked whether it is the start of the cycle
“used” bin). Since it is not, and it has already been put in the queue, it i
As more potential starts are identified each time, it is vepgmoved in order to avoid tracing the same cycle again. After til
important that only the new ones are kept in the queue. This Willand its edgeed, dc, andcb (case 2), another local maximum,
ensure that cycles are not traced more than once, avoiding th4Sor ba, as order is not important), is found. However, this is
any wasting of computing time. Therefore, each newly identiso the start of the cycle and, therefore, the tracing of this cycl
fied potential start is checked as to whether it has appearedifps. The next potential start is then retrieved from the queu
the “used” bin. If it has, it is discarded, otherwise it is appendeghd another cycle is traced, constructing another contour. In th

in the queue to be tried in due course. To ensure that all cyclegse, after the contoubd, ap, pn, nm mk kh, hg, gf, fe, ed, dc,
are traced, it is necessary to identify all neighboring potential

starts during the tracing of a cycle. This inevitably leads to the
identification of a large number of potential starts which have 1
already appeared in the “used” bin. Searching repeatedly the
whole “used” bin array each time would be time consuming 3 |
and inefficient. However, it is observed that the vast majority of c
the repeated identifications of potential starts occur locally, i.e., 2 K 4
during tracing neighboring cycles. Hencesachehas been im- 5—I
plemented to hold the most recent “used” potential starts which
have been searched for in the bin. It was found that a cache size 5 7
of 10 is sufficient as it can adequately hold the required repeat- I 9 I 8
edly occurring “used” potential starts without being large itself
to affect the searching performance. This technique reduces the 10 1
amount of full searches inside the “used” bin very significantly.
Furthermore, it should also be noted that whenever a local 12
maximum is reached (case 6), the horizontal segment of the
current white tile is, according to the definition, a potential start. FIG. 11. Example of white tile edges that constitute a cycle.
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cb) has been completed, the next potential start to be tried wilhe below is to the left or to the right of the corresponding en
be that of white tile 2, aef will have been removed from the of the current tile, part(s) of the horizontal edge(s) of the currel
queue. tile may be exposed. These parts, if they exist, are appendec
As each white tile is traced as a member of the backgroutite contour together with the (always appended) vertical edc
stream surrounding each printed region, it contributes one larsituations where the tracing direction has to change, due
more edges or small segments to the contour under constrie absence of a tile to move to next (cases 2 and 5), three of
tion. Depending on the existence and horizontal position ardges of the current tile are always bordering with the printe
extent of any adjacent tiles above and below, different parts ofeggion. These three edges will, therefore, always form part of tt
white tile are bordering with a printed region. For each possibt®ntour. In addition, parts of the fourth edge may be append:
situation there are rules that determine these bordering partsfdbey also border with the printed region. Finally, in cases o
thatthey can be appendedto the list describing the contour of theal minima (case 3) or local maxima (case 6) only a part c
printed region. In the tracing algorithm described above, thetiee pertinent horizontal edge is added to the contour.
are six cases arising from different situations. In each of them,The result of the segmentation step applied to the white ti
the tracing direction to reach the next tile has either remained tiepresentation of the example image in Fig. 1 can be seen
same or is the opposite to that followed to reach the current tifeig. 13. It is evident that each contour follows the shape of th
Furthermore, when the tracing direction has changed, differetrresponding printed region very closely, constituting thus
cases are encountered depending on the existence of verticsiliyificantly accurate geometrical description of the region. A
adjacent tiles. To decide which parts of the current white tile Bonote, the broken (due to thresholding) curve of the perimet
extract for the contour, the position of the corresponding endéthe CD-ROM depicted in the graphic at the bottom of Fig. 1
(left or right) of the vertically adjacenttiles are examined relatiieas been closely followed inside the white space of the graph
to the position of the appropriate end of the current one. The segmentation step is quite efficient for a number of re:
To illustrate the above, the different parts of a white tile, exsons. First, the contours of the regions are identified from tt
tracted in each possible situation, are shown in Fig. 12. Whembite tile descriptionand not by using pixel-based methods
the tracing continues in the same direction to the next tile (caseghe image. Hence it is very fast since it does not deal wit
1 and 4), the ends of the neighboring tiles are examined as ftile vast amount of image data. Second, the cycles in the wh
lows. Depending on whether the end of the above tile or of thiée graph are traced sequentially without any time-consumir

DOWN
case 1

case 2

case 3

uP
case 4

case 5

case 6 T

FIG. 12. Parts of white tiles forming part of the contour in different cases.
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FIG. 13. The contours of the printed regions of Fig. 1.

searches or backtracking. Only the required cycles are identi- 5. RESULTS

fied and no other cycles are. Furthermore, each cycle is traced

only once, preventing thus any wasting of computation time. The progress of the proposed page segmentation approa
Finally, in the white tile description, only the tiles that form partvas followed throughout the previous sections with results fron
of the delimiting streams are considered. The rest do not affeetch of the steps involved applied to the example image in Fig. :
the segmentation process at all. Consequently, the computafidris section is devoted to a more comprehensive presentation
time for segmentation depends linearly only on the number fsults showing the performance of the new method in variou
white tiles in the streams. aspects.
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presence of small fonts, the full newspaper page (A3 size) w
first reduced to A4 by photocopying before it was scanned.

As an automated system for large-scale evaluation is not y
available for thistype of documents (an initial effortis reported i
[11]), the method was manually (by visual examination) teste
on a carefully selected sample of 40 pages including a val
ety of layouts and regions of different shapes and sizes (al
text regions were present with fonts of various sizes). The te
sample was collected from different publications in a way the
ensured that it was representative of the several types of doc
ments encountered. More specifically the sample included pa
images of advertisements (5%), newsletters (5%), technical jo
nals (10%), newspapers (5%), and magazines (75%, of whi
15% were from technical publications and 60% from gener:
circulation). In terms of layout complexity, 30% of the page
images were Manhattan layouts, 15% were non-Manhattan k

with rectangular printed regions, and 55% were complex lay
outs. In terms of the type of the contents of regions, 10% of tt
documents contained pure text and 90% contained combir
tions of text with nontext regions. Finally, in terms of variation
of font sizes, 35% of page images had a low variation (up t
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FIG. 14. Image scanned with°5skew. Reprinted fronComputer Shopper
May 1993, lan Wagh, “Rom with a View,” p. 386, copyright 1993, with permis:

sion.

First of all, the performance of the approach on skewe
images can be seen in Figs.14 through 19. To compare -
results with the nonskewed example image in Fig. 1, the sal
image has been used, intentionally scanned with differe
amounts of skew. In Fig. 14 the skew angle of the image s £
it is 1 in the image in Fig. 16, and the image of Fig. 1¢
was scanned with 25skew. It should be noted that no extre
processing was required due to skew in each of these imac
Itis evident that the results resemble very closely that of Fig. 1

The image of a document which contains a text region printt
on a background of a darker color (bottom right) can be seen

Fig. 20. The thresholding operation has eliminated most of t|

background, but some noise is present. The result of the pz

segmentation method is shown in Fig. 21. Another image of
document containing text regions printed in different orient:
tions is that in Fig. 22. In this image the vertical space betwe:
the two columns contains an extra vertical solid line. The corr
sponding result can be seen in Fig. 23. Finally, the result of ti

method on the traditional layout of a newspaper image (Fig. 24)

is shown in Fig. 25. To illustrate the handling of regions in the

[ —
——

mm%m

FIG. 15. Segmentation result.
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Accupage. This is an adaptive thresholding algorithm designe
to enhance the images of characters printed on backgroun
that have different grey levels (see the bottom-right region ir
Fig. 20). The above thresholding scheme was adopted in ord
to obtain images of realistic quality applicable to an everyday

task.
The evaluation was carried out by identifying the number of

regions which were:

el. missed (not identified by the method),

e2. noise (regions introduced that do not exist in the inpu
image),

e3. split (the ground-truth region has been identified as mor

than one region),
e4. merged (more than one ground-truth regions have bee

identified as a single region).

The following should be noted about the selection of ground
truth regions:

gl. Regions of text separated by normal inter-line spacin
are considered as a single composite region. For instance, this

FIG. 16. Image scanned with 2Gskew. Reprinted fronComputer Shopper
May 1993, lan Wagh, “Rom with a View,” p. 386, copyright 1993, with permis-
sion.

3 pt difference), 35% had medium variation (between 4 and 8
difference), and 30% had a high variation (over 8 pt, occurrir
usually in title pages and advertisements).

To reflect the conditions occurring in reality, photocopied ve!
sions of the test pages were also scanned in and used in te
The photocopying process introduced some noise in the ime
but not an excessive amount. Furthermore, during photocopyi
as well as during scanning the alignment of the paper page v
careful but no particular consideration was given to it, as is tt
case in an average office environment. Therefore, apart from:
purposely skewed test images, all others have a small skew
gle. The scanning resolution for the testimages was 300 dpi. f
segmentation purposes, the resolution is higher than needec
resolution of 100 dpi gives equally good results. However, wit
the requirements of OCR in mind, 300 dpi is practically neede
For the page segmentation method, the images were subsam
to achieve an effective resolution of 100 dpi (see Section 4.:
The parameters of the method are summarized in Table 4.
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The images were thresholded by the scheme used by a com-

mercial OCR package (Omnipage Professional) which was HP

FIG. 17. Segmentation result.
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FIG. 18. Image scanned with 25kew. Reprinted fronComputer Shopper
May 1993, lan Wagh, “Rom with a View,” p. 386, copyright 1993, with permis
sion.

frequently the case with paragraphs in a column of text in whic

case the column will be a single ground-truth region.
g2. Nontext regions constituting a distinct logical entity ar
grouped into one ground-truth region. As an example, the grap

illustration at the top of Fig. 1 is considered a single ground-trut

region, irrespective of it comprising disconnected regions.

g3. Words constituting titles are considered together as

composite ground-truth region.
g4. Tables (text entries and graphic lines) are considered
single composite ground-truth regions.

The results show no missed (case el) and no noise (case
regions. The figures for case e3 require some elaboration.

ONACOPOULOS

Section 6) and 2.5% were title text or table regions. Image
of advertisements contributed a higher number of splits to tt
results than other page images. Finally, the number of merg
was quite low with 0.4% of regions reported as horizontall
merged and 0.7% of regions vertically merged. Both types ¢
merges were due to a text region being merged with a straig
line separator.

The discussion in Section 6 reflects on issues raised by t
above results. At this point it should only be noted that the resul
show that the errors are mostly splits. This isimportant as merg
are more difficult to recover from after page segmentation ar
have a negative effect in all subsequent document analysis &
understanding stages. In contrast, split regions can be join
after page classification [1] and, possibly, after further analys
steps have taken place.

With the conditions outlined in the earlier part of this section
and with the setting for very high accuracy in the description ¢
regions (very small width tolerance), typical run-times (withou
image 1/O) are in the region of about half (0.55) CPU secon
on a standard multi-user HP 9000/735 workstation. The coc
is written in C and is not optimized for speed. Issues that wi

i,

T

the regions, 12.3% were reported as horizontally split. The:
were all instances of isolated text-lines which, with very fev
exceptions, denote an error of a single text-line belonging to
column of text (case g1) containing a relatively large numbe
of text-lines. A further 8.3% of regions were reported as split i

both directions. Of these, 5.8% were splits in graphics (naturally

discontinuous or due to thresholding of continuous regions, see

FIG.19. Se

gmentation result.
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6.1. Special Considerations and Post-processing Possibilities

Throughout this paper, it was assumed that the required siz
of printed regions of any given type (text, graphics, line-art) is
the largest possible one. Each of the required regions is assum
to represent a separate information component of the docume
For instance, in the case of text regions, such a component wou
be a paragraph or, if there is no inter-paragraph space, a colur
(or part of it) of text. As explained earlier, vertical smearing is
performed to join together the parts of each information com
ponent. However, when isolated parts of the intended regior
have no immediate neighbor above or below, the correspont
ing regions may appear fragmented. The obvious case is th
of graphics and line-drawing regions which may include dis-
joint components. It must be noted that the smearing approac
is primarily designed to group together text lines. This is a con
scious decision since in most applications the focus of attentiol
in terms of recognition and understanding, is primarily on the
textual components of the page.

Isolated text lines that are not merged with vertically adjacen
ones may appear fragmented if some inter-word space insic
them is wider than the threshold set for the minimum width of

3 00000 ¢v00Ty DIODQOUO 0OAYGDOCOD [:|

[

FIG. 20. Image with noisy text region. Reprinted froRersonal Computer
World, May 1993, Tim Anderson, “Databases: The View from Windows,”
p. 347, copyright 1993, with permission.

affect run-time reduction are the following. First, the extent o
subsampling; as greater subsampling occurs, there is less
age data and the operations involving this data takes less tir
Second, but not as significant, the reduction in the faithfulne:
of description results in some reduction of execution time. |
both cases, it depends on the end application to determine
required level of accuracy of segmentation.

6. DISCUSSION

The resultimages shown in the previous section illustrate ti
most important issues involved in page segmentation in gene
and in the application of the white tiles method in particular. li
this section, these issues are discussed in more detail in ter
of their nature and their impact on segmentation and on lat
stages. Furthermore, ways to improve the performance of t

page segmentation method are examined based on consideration

of the discussed issues.

FIG. 21. Segmentation result.
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columns (with no difference in the completeness of represent
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smearing. To integrate the isolated parts into a single represe
tation of each region, grouping may be performed guided &
rules of similarity and distance. Depending on the informatio
required, such groupings may be performed either at the e
of the segmentation stage or after all regions have also be
classified.

Some further exceptions, related to the distance between
gions of different types, are situations where this distance
smaller than expected, i.e., similar to the distance between pa
of the same region. A familiar example is that of small text re
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FIG. 22. Image with two rotated regions. Reprinted fr&t@rsonal Computer
World, July 1993, Ben Tisdall and David Brake, “Five Go Mad wift1500,”
p. 480, copyright 1993, with permission.

delimiting streams (see Section 4.2). A similar situation me
also occur with headlines which occupy a single line. Since ti
vertical distance between headlines and other components i
most cases greater than that between text lines in a paragre
the description of the headline region may consist of the conta
of more than one character regions. This can be seen in Fig.
where the two contours in the top-left part describe the headli
(see Fig. 20). Furthermore, if a headline spans more than ¢
line, and the space between adjacent lines is larger than
smearing value, the headline region will be described as a se
contours of the words that comprise it. This last situation wi
occur in newspapers, for example, where the headline font
very much larger than the one used in the article body text (s
Figs. 24 and 25).

However, the description of headline regions, for instanc
as a set of contours of words, can be used to an advantage
order to characterize them as such and distinguish them frc

gions connected to drawings or inside regions of graphics. Tt

D DOYI00 A QVOTOQ 0D guUoo

the main text for the purpose of document understanding. In

any case, it will not be difficult for a post-processing mod-

FIG. 23.

Segmentation result.
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is a general problem in document analysis. In this case, at
segmentation stage described here, these regions are assurr
be part of the whole graphic information component. The und:
standing of these regions as well as the recognition of the t
in them is the responsibility of later stages.

Moving on to a different aspect of document layout, in son
documents certain text regions are printed on background of (
ferent tones of grey, or in color. To compound the problem, tl
color in which the text is printed may vary between differer
regions. In the case of dark text printed on a lighter backgrout
an efficient thresholding process will turn the text into black ar
almost remove the background. An example is the bottom-ri¢
region in Fig. 20, where the grey background has been larg
eliminated. However, such a thresholding scheme is tuned
enhance the regions of characters and, therefore, some ¢
of grey-level images may also disappear (see, for example,

ESCRIPTION OF THE BACKGROUND 367
the performance of thresholding itself is not one of the issue
addressed by the white tiles approach, the fact that some info
mation is lost affects all subsequent document analysis stage
Forinstance, athresholded image region may appear fragment
and correspondingly its description will be in terms of the con-
tour of its various (now disjoint) components.

The description of each region in terms of its contour depend
on the boundary between the surrounding space and the print
region. As smearing joins components of the same region tc
gether in the vertical direction, the top and the bottom border
of the region may have a jagged appearance in the image. Tt
is due to the vertical space inlets which have not been sealed
the region. As the description of the region is designed to follov
the shape of it, the inlets that are wider than the minimum delim
iting stream width threshold are also described in the contou
The jagged appearance is more common in text regions, whe
itis created by the space between words (in the first and the la
text lines of paragraphs), and in threshold images where son
part of them has been turned white (see above). An example |
the representation of regions in the presence of such space inl
can be seen in Fig. 24.

[~ o Co— A v

image regions in Fig. 1). In the case of color documents, more

problems are encountered as the image is binarized. Although

[ @ Cl::’] ]
a
5 J
FIG. 25. Segmentation result.
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TABLE 4
Summary of Parameters Used in the Method

Parameter Step Value

Vertical strip width Pre-processing Maximum width of 24 pt character
(fixed according to resolution)

Meta-valley min/max ratio Pre-processing 0.6 (fixed)

Right/left peak ratio Pre-processing 0.5 (fixed)

Baseline distance Pre-processing Automatically determined

Vertical smearing threshold Pre-processing Automatically determined
(2/3 of baseline distance)

Width tolerance White tile identification 0.5 mm on the printed page
(fixed according to resolution)

Minimum delimiting White tile identification Automatically determined

stream width (1/3 of baseline distance)

The jaggedness, of course, has no impact on the correctna&thod of Pavlidis and Zhou [7] which performs skew detec
of the description of the regions. If the inlets are solely spatien first and corrects the skew after segmentation. Furthe
and they include no part of any other region, the jaggedneassre, apart from the fact that most of the past approaches ¢
of the contour could be smoothed by incorporating the inlet®t able to segment complex-shaped regions due to the rect
into the region. On the other hand, the very fact of the negdlarity assumption they adopt, others cannot cope with va
for accurate shape description dictates a detailed representations shapes (Akindele and Beda[12] who deal with simple
Before deciding on smoothing a contour, the impact of this asothetic-polygonal shapes only) or cannot describe the regio
the later stages should be carefully considered. Dependingamturately (e.g., Pavlidis and Zhou [7] where a single regic
the type of the contents of the region and on the situation giviln§ complex shape will be identified as a set of rectangule
rise to the inlets, different possibilities exist. For instance, iones).
regions of text, ifthe space inlets are produced due to the distanc&he method described in this paper exploits the fact thatthe r
between words, the contour could be smoothed. Care, howegtons are surrounded by background space and efficiently ider
should be taken when bays of space are present due to the slii@gdat and segments the regions. The most important differen
of the region (layout characteristic). In this case, the descriptiaith other methods analyzing the background is that it is th
ceases to be accurate if the space is incorporated into the regamy one that flexibly identifies the region-surrounding stream
The latter is also true for nontextual regions. Furthermore, erraspace, whatever their shape or orientation. Since the surrout
may also occur in the classification stage since the extra spaagbackground space exists even in the presence of severe sl

alters the textual characteristics of the region. and complex-shaped regions, the performance of the methoc
not affected (taking into account reasonable digitization errors
6.2. Advantages of Method The global nature of the strategy adopted by this method has

flexibility of bottom-up methods while minimizing the conse-
Overall, the segmentation by white tiles is in many aspeagsiences of wrong groupings. Furthermore, it does not rely c
advantageous over previous approaches. First, the new metassumptions about the regions as the top-down methods do.
is very flexible. The input documents may contain printed re- Another advantage of the flexibility of the white tiles methoc
gions of nonrectangular and often complex shapes. In additigs that each identified region can be processed and analyz
the orientation of these regions in the document image may madividually. This is very helpful, for instance, when different
be horizontal either intentionally, as a characteristic of the layegions are printed in different orientations. Each of them ce
out, or accidentally, as skew may have been introduced during treated individually, when and if it is needed. If the region
photocopying or scanning. Regions that have characteristicsaas treated all in the same way, as a result of applying a meth
above are handled by the method described here as efficienttythe whole of the image, errors will occur. In the case whelt
as simple regions in nonskewed images. No extra processingdifferentregions are printed in different orientations for instance
required and the complex regions are segmented and descriibedl!l not be possible to globally estimate and “correct” the
with the same high degree of accuracy as the simple rectangslegw.
ones. On the aspect of computational efficiency, the white tile
This is in contrast to previous page segmentation approachagthod is designed to avoid computationally intensive process
For instance, apart from some computationally intensive metimd minimize accesses and manipulation of the voluminol
ods based mainly on image transforms, all other region-bag@gel-based image data. First, as mentioned above, there is
methods assume nonskewed images, with the exception of tieed for skew detection and correction. Second, the descripti
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of the background space by white tiles is efficient, both in the

number of tiles and amount of data (much fewer tiles than pixel& A. K. Jain and S. Bhattacharjee, Text segmentation using Gabor filter
or connected components, for instance) and in the ease of index-for automatic document processinigach. Vision Appl.5, 1992, 169-
ing in and tracing of the graph. Therefore, after the white tiles are _ » _
identified in the early steps of the method, the rest of the process- R- M- Haralick, 1. Philips, S. Chen, and J. Ha, Document zone hierarchy
. . . and classification, ifProceedings of the IAPR International Workshop on
INg 1S performed on th|descr|pt'0nof the Space, rather than on Structural and Syntactic Pattern Recognition (SSPR '94), Nahariya, Israel
the pixel-based image. Third, the algorithms used in the method october 4-6, 1994

have the benefit of requiring few accesses of the data and perfogng, Nagy, J. Kanai, M. Krishnamoorty, M. Thomas, and M. Viswanathan,
simple computations, hence, they are fast. The identification of Two complementary techniques for digitized document analysiBrdn
white tiles requires only one pass of the pixel-based image data. ceedings of the ACM Conference on Document Processing Systems, Sa
The tracing algorithm, which acts on the graph representation, & New Mexico, Dec. 5-9, 1988p. 169-176.

identifies precisely the needed contours in a sequential way §o H- S: Baird, Background structure in document imagesidances in

Structural and Syntactic Pattern Recogniti¢id. Bunke, Ed.), pp. 253—

that no exhaustive searches and neither backtracking nor unnec-g4 \worid Scientific, Singapore, 1992.
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